Repeated pulmonary collapse and changes suggestive of a severe alveolar-capillary diffusion defect were observed over a period of 20 days in a patient who was receiving artificial ventilation because of status epilepticus. Profound cyanosis followed attempts to discontinue assisted ventilation. The Bird Mark 8 respirator employed was found to be delivering approximately 90% oxygen on the air-mix setting and pulmonary oxygen toxicity was suspected. Radiological improvement and progressive resolution of the alveolar-capillary block followed gradual reduction of the inspired concentration over nine days. The management and prevention of this complication are discussed. The inspired oxygen concentration should be routinely monitored in patients receiving intermittent positive pressure ventilation, and the concentration should not be higher than that required to maintain adequate oxygenation. The Bird Mark 8 respirator has an inherent tendency to develop high oxygen concentrations on the air-mix setting, and the machine should therefore be driven from a compressed air source unless high concentrations of oxygen are essential.
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The toxic properties of oxygen have been most widely studied in the context of hyperbaric oxygenation, and the tendency to produce convulsions at partial pressures in excess of 2 atmospheres has been well documented (Bean, 1945 (Bean, , 1965 Donald, 1947) . Between this pressure and about two-thirds of an atmosphere partial pressure of oxygen, tolerance is limited by the effects upon the lung. Laboratory animals may die with severe pulmonary congestion with intra-alveolar exudation and haemorrhage during exposure after an interval which is variable between species and is dependent upon the partial pressure of oxygen inspired and upon a number of environmental and metabolic factors (Paine, Lynn, and Keys, 1941 ; Bean, 1945 Bean, , 1965 . Information concerning the tolerance by man of sub-convulsive inspired oxygen tensions is scarce. Normal subjects exposed to pure oxygen at atmospheric pressure develop severe substernal distress which usually leads to termination of the exposure after between 48 and 72 hours (Clamann and Becker-Freyseng, 1939; Ohlsson, 1947; Dolezal, 1962; Lee, Caldwell, and Schildkraut, 1963) . Objectively, a reduction in vital capacity and changes suggestive of impaired alveolarcapillary diffusion have been reported (Comroe, Dripps, Dumke, and Deming, 1945; Ernsting, 1961) ; normality is usually restored within 48 hours of the end of the exposure.
Pulmonary collapse and congestion have come to be recognized as complications of intermittent positive pressure ventilation (I.P.P.V.) and, whilst many factors probably influence their development (Lancet, 1967) , attention has been increasingly directed towards the role of the inspired oxygen concentration. Indirect evidence of toxic effects of oxygen has been provided by postmortem studies (Pratt, 1958 ; Cederberg, Hellsten, and Mi6rner, 1965; Nash, Blennerhassett, and Pontoppidan, 1967) . In 75 patients who had received artificial ventilation Nash and his colleagues demonstrated a clear link between the inspired oxygen concentration and the finding of post-mortem histological changes in the lungs resembling those seen in experimental animals dying of oxygen toxicity. Similar changes were reported in the lungs of a case presented at a clinico-pathological conference at the Massachusetts General Hospital (Castleman and McNeely, 1967) . This patient had multiple injuries and died with recurrent pulmonary congestion whilst receiving 85% oxygen by I.P.P.V.
The purpose of the present communication is to report the development and suibsequent reversal of recurrent massive collapse and an apparent block in alveolar-capillary diffusion in a patient receiving I.P.P.V. from a respirator which was found to be delivering an unexpectedly high concentration of oxygen. water.
METHODS
On the morning of the second day a chest radiograph was seen to be entirely normal (Fig. 1) A chest radiograph taken on the morning of the fourth day showed complete collapse-consolidation of the left lung and of the right upper lobe (Fig. 2) . Later, during day 4, the pulse rate rose to 140/min. and tracheostomy was performed. Profound cyanosis was noted whilst breathing air for short periods at the time of this procedure. Bronchoscopy revealed no obstruction or excess of secretions. The jugular venous pulse was not elevated and there was no peripheral oedema. Widespread crepitations were audible throughout the chest, and these persisted throughout the ensuing three weeks. On the fifth day ventilation was easier and the Pco2 was 43 mm. The chest radiograph was unchanged apart fram the appearance of a new opacity in the right lower lobe. Brochoscopy was performed again on the evening of the fifth day, but no obstruction was seen. A chest radiograph was taken on the following morning and showed partial re-aeration of the left upper lobe and patchy aeration of the right upper lobe with partial resolution of the opacity in the right lower lobe (Fig. 3) . She continued to have frequent convulsions whenever the infusion was interrupted until the seventh day, when she was intermittently conscious between seizures which had become milder.
On the seventh day further improvement in the chest radiographic appearances was noted (Fig. 4) (Fig. 6 ). On the following day the upper lobe was again seen to be collapsed and densely opacified. On the fifteenth day the right upper lobe was found to be almost completely re-expanded, but there was now patchy opacification of the right lower lobe (Fig. 7) . Over four days there was progressive opacification of this area (Fig. 8) , and three areas of opacity, 3 to 4 cm. in diameter, appeared in the left lung field.
On the fifteenth day the Pao2 was 160 mm. Hg whilst on the ventilator. Every morning for the following three days she was left off the respirator for between 15 and 40 minutes. During the interruption the arterial Po2 fell to between 40 and 45 mm. Hg on each occasion. The inspired oxygen concentration during this period is unknown (a B.O.C. humidifier delivering 67% oxygen at 10 1./min. was attached to the tracheostomy tube by a T-tube with a distal limb of 50 ml.).
On day 20 the oxygen concentration of mixed expired air collected whilst the patient was on the respirator was found to be between 88 and 91 %. The respirator appeared to be functioning normally, and its performance was extensively studied. The patient was changed to another respirator of the same type, and this produced similar expired oxygen concentra- (Table) .
The patient thereafter breathed spontaneously without assistance and was supplied with oxygen carefully adjusted to maintain Pao2 at 60 mm. Hg. This was conveniently achieved by connecting the Bird respirator with its nebulizer to a T-tube so as to deliver an uninterrupted flow (approx. 70 1./min.) of 45% oxygen' (Fig. 9) . The concentration of oxygen was then increased as desired by partially restricting From the time of instituting this regimen, the radiological features improved and no new opacities developed. By day 26 the chest radiograph showed only slight generalized mottling and a persistent small area of collapse at the right base (Fig. 10) . Oxygenation became progressively easier and after seven days concentrations lower than 4500' were tolerated. The Between day 15 and day 20 the alveolarcapillary block appeared to remain unchanged, i.e., the Pao2 for any given inspired concentration of oxygen was constant. However, after the patient was established on lower levels of inspired oxygen on the 20th day, there was progressive improvement in oxygen transfer, so that for any inspired oxygen concentration there was an increase in Pao2 day by day (Fig. 11 ). This suggests a cause and effect relationship between the high inspired oxygen concentrations and the diffusion defect.
Considering the widespread use of I.P.P.V., it is perhaps surprising that pulmonary changes such as those descrilbed here have not been more widely reported. There seem to be several possible explanations for this. In animals it has been shown that diffuse pulmonary disease (Ohlsson, 1947) and the presence of a right-to-left shunt (Winter, Gupte, Michalski, and Lamphier, 1966) both exert strong protective effects against the development of the pulmonary complications of hyperoxia. Cyanosed patients with these disorders are the most likely to be given high oxygen concentrations and it seems that, paradoxically, they may also be the patients least likely to develop pulmonary reactions.
In patients with essentially normal lungs who require assisted ventilation (for coma, paralysis, etc.), high concentrations of oxygen are unlikely to be prescribed. The present case, however, highlights the fact that, with at least one widely used respirator, high oxygen concentrations may be achieved at settings the manufacturer claims should produce lower concentrations. When pulmonary complications occur in these circumstances, hyperoxia will not be suspected as a cause.
Several authors have described a pulmonary disorder, usually occurring during the resuscitation of gravely ill patients, which comprises radiological signs of congestion and collapse, a reduction in lung compliance, and a progressive alveolar-capillary block which may lead to death due to anoxia. With the exception of the postmortem studies referred to earlier, high inspired oxygen tensions have not been incriminated as the cause of the disorder. Linton, Walker, and Spoerel (1965) , using Bird (Comroe et al., 1945) , but there is no information concerning the level to which it must be lowered to allow reversal of the process. Lowering the oxygen concentration to a level just sufficient to maintain an arterial Po2 of between 50 and 60 mm. Hg allows some margin of safety, but it might be necessary, in severe cases, if the concentration is still high at this Pao2, to accept the risk of anoxia at lower levels. The position may be said to be irreversible when anoxia prevents lowering of the inspired oxygen tension to a level which permits recovery of the pulmonary process. Such a situation is recognized to occur in animals (Paine et al., 1941 ; Bean, 1945) , but it remains uncertain whether the process is ever irreversible in man; extracorporeal artificial oxygenation might be contemplated if it did arise.
If shallow respiration has been a feature, periodic hyperinflation or the addition of a positive and expiratory pressure may help in re-expanding collapsed areas. Small elevations in alveolar CO, concentration which would normally be harmless have been shown greatly to aggravate the pulmonary effects of oxygen (Paine et al., 1941; Ohlsson, 1947) , and for this reason great care should be taken to ensure that even mild hypoventilation does not occur. Corticosteroids and adrenaline have been shown by Bean and Smith (1953) to enhance the pulmonary effects of oxygen and, pending further studies, they should probably be withheld. Sympathetic blocking agents, Trisbuffer, and chlorpromazine have all been shown to exert a protective effect against pulmonary oxygen toxicity in experimental animals (Johnson and Bean, 1954; Bean, 1956 Bean, , 1961 ), but it is not known whether they influence the established condition. PREVENTION Present evidence suggests that if pulmonary oxygen toxicity is to be avoided, no patient should receive more than 60% oxygen unless this level is insufficient to maintain an arterial Po2 of 60 mm. Hg. Green (1967) has shown that the Polymask (British Oxygen Co.) and the Pneumask (Oxygenaire), among the most efficient oxygen masks in general use, may produce in experimental circumstances levels significantly in excess of 60%, but it is probable that sustained high levels are less likely in practice, particularly if high rates of flow are not used. The patients most at risk are those receiving I.P.P.V. When 100% oxygen is employed the risk is obvious, but the present case highlights the tendency of one widely used respirator to develop high concentrations on the air-oxygen mixture setting.
The Bird Mark 8 respirator (the Mark 7 is essentially similar) is a pressure-limited ventilator designed to run from a source of compressed oxygen. On the air-mix setting air is added to the inspired mixture by a Venturi driven by a fine jet of oxygen. As the pressure within the respirator rises, the Venturi becomes less efficient and ultimately flow ceases. The remainder of inspiration is effected by pure oxygen supplied to the nebulizer. The concentration of oxygen developed is dependent upon the effective compliance of the subject ventilated and upon th2 flow and pressure settings of the ventilator (Stoddart, 1966 
